O ne way to expand the donor pool and decrease the persisting gap between patients waiting for an organ and the available organs, is by the use of organs from donation after cardiac death (DCD) donors for transplantation, also named nonheartbeating donors (1) . In The Netherlands, DCD kidney transplantation has been popularized since 1981 and become well accepted. It has become an increasingly important source of donor organs for transplantation; in 2008, 41% of the transplanted deceased donor kidneys in The Netherlands were from DCD donors (2) .
The vast majority of DCD donors are controlled donors, patients who die after withdrawal of life-sustaining treatment (WLST). Most potential controlled DCD donors are admitted to the intensive care unit (ICU), and usually suffer from irreversible neurologic injury. Once further medical intervention is considered unethical, an explicit decision to stop treatment is made by the treating intensivist, in close collaboration with other treating physicians and consented by the patients' relatives.
The period between WLST and death is one of the parameters used to decide whether donor organs are accepted for transplantation. The maximal interval depends on the DCD protocol and varies per organ (e.g., Ͻ60 mins for liver, lung, and pancreas donation, and Ͻ120 mins for kidneys donation). These time intervals are used in all institutions in The Netherlands according to the national protocol and are based on transplantability of the donor organs.
If a patient does not die within this period of time, donation is abandoned and organs are not transplanted. This is associated with disappointment for the relatives and logistic and financial consequences, like the reservation of an operating theater and surgical staff. Therefore, there is increasing interest in the prediction of the interval between the WLST and death. Periods between withdrawal of treatment and death vary widely and range from minutes to hours. This time period is related to the degree of hemodynamic and respiratory support, and the patient's respiratory, neurologic, and circulatory condition (3) (4) (5) . Available tools to predict the timing from WLST to death, including those from the University of Wisconsin and the United Network of Organ Sharing, have been based on a limited number of potential donors or on a relatively small number of variables (6, 7) . Therefore, in a prospective study, we aimed to identify patient and treatment characteristics that may accurately predict which potential DCD donors die within 60 or 120 mins, in whom a donation procedure should be started. bidity were associated with death within 60 and 120 mins. The use of analgesics, sedatives, or extubation did not significantly influence the moment of death. In the multivariable logistic regression analysis, controlled mechanical ventilation remained a risk factor for death within 60 mins, and norepinephrine administration and absence of cardiovascular comorbidity remained risk factors for death within 120 mins. The clinical judgment of the intensivist predicted death within 60 and 120 mins with a sensitivity of 73% and 89%, respectively, and a specificity of 56% and 25%, respectively.
Conclusion: Despite the identification of risk factors for early death and the additional value of the clinical judgment by the intensivist, it is not possible to reliably identify potential donation after cardiac death donors who will die within 1 or 2 hrs after life-sustaining treatment has been withdrawn. Consequently, a donation procedure should be initiated in every potential donor. 
PATIENTS AND METHODS
Between May 2007 and June 2009, all potential controlled DCD donors in The Netherlands were studied prospectively. Excluded from analysis were nonintubated patients and patients who were clinically brain dead but in whom relatives nevertheless specifically requested a DCD procedure. Patients with signs of brain death were evaluated according to the legally mandatory brain-death protocol, which includes clinical neurologic assessment, electroencephalogram, and apnea test (8). The decision to stop supportive treatment was made by the intensivist. Patient and treatment characteristics that might influence the interval between WLST and death were prospectively registered with the help of a study form. The characteristics are listed in Table 1 and have been identified from previous studies and chosen by 12 intensivists and 17 transplant coordinators as potential risk factors. Further content validity was improved by another group of intensivists (n ϭ 18), resulting in a study form with 22 items. Next to the demographic variables, mode of ventilation, inotropic/vasopressor support, analgesic/sedative use, the Glasgow Coma Scale score, absence or presence of brainstem reflexes (pupil, cough, and swallowing reflex), reason for admission, cause of death, and presence of cardiovascular (e.g. cardiac disease, cardiac failure, myocardial infarction, hypertension) and pulmonary comorbidity (e.g., chronic obstructive pulmonary disease, other lung diseases, severe thorax trauma) were recorded.
Patients who died within 2 hrs after WLST were taken to the operation theater for procurement of the organs after a legal obligatory "no-touch" period of 5 mins, and became organ donors.
Data Collection
The donor and treatment characteristics were collected by the transplant coordinator before WLST, including a facultative "breathing test" following the treating intensivist's decision. For this test, the ventilator was temporarily (maximal 10 mins) set on the continuous positive airway pressure mode and the respiratory frequency, tidal volume, and oxygen saturation were registered. This test was used to test the ability of the potential, not brain-dead donor, to breathe without ventilatory support. The test was stopped if the oxygen saturation was Ͻ75% and/or the systolic blood pressure Ͻ80 mm Hg. Also, the prediction of the intensivist whether the patient would die within 60 or 120 mins or thereafter was added to the dataset.
Statistical Methods
Risk factors associated with death within 60 and 120 mins were identified with univariable and multivariable logistic regression analysis. In the analyses, patients who died within 60 mins were included in the group who died within 120 mins. Variables with a p value Ͻ.05 in the univariable analysis were included in a multivariable logistic regression model. Depending on the number of covariables allowed in the model, either enter of forward selection was performed. Predictive measurements were obtained by calculating a receiver operating characteristic curve for the prediction of the intensivist, the model of death within 60 mins and the model of death within 120 mins. For the regression models, the maximum combination of sensitivity and specificity, i.e., the point closest to the left-top corner of the receiver operating characteristic curve, was presented.
A p value Յ.05 was considered statistically significant. SPSS version 16.0 for windows was used for the analysis (SPSS, Chicago, IL). The study was performed in agreement with the code of conduct use of data in health research, put forward by the federation of Dutch medical scientific societies (http:// www.federa.org). According to Dutch law, institutional review board approval is not mandatory for scientific analysis of anonymous data.
RESULTS

Patient Demographics
In the 25-month period, life support was withdrawn in 242 potential controlled donors, of whom 211 entered analysis. Of the 31 potential donors excluded for analyses, six were clinically brain dead, and for 11 and 14 donors, the forms were missing or incomplete, re- spectively. The baseline characteristics of the 211 potential donors are listed in Table 1 . There were 128 (61%) males and 83 (39%) females; the mean age at death was 52 yrs. The ICU stay varied between 1 and 30 days. The reasons for admission included: neurotrauma (21%), intracranial hemorrhage (33%), occlusive cerebrovascular accident (14%), postanoxic encephalopathy after cardiopulmonary resuscitation (28%), and other (4%, e.g., pulmonary fibrosis, chronic obstructive pulmonary disease). The majority of the patients were on controlled mechanical ventilation (66%), meaning that ventilation was insufficient (leading to hypercapnia and/or hypoxia) when they were put on a supportive ventilation mode. The remaining 34% of the patients received a supportive ventilation mode, including pressure support and assisted spontaneous breathing; synchronized intermittent mandatory ventilation was never used in this group of patients.
In 78 (37%) of the potential donors a "breathing test" was performed. Because of the expected additional risk of respiratory or hemodynamic instability, the intensivist decided to perform the test or not. In 23 patients (29%), the test showed no spontaneous ventilation; 17 patients (73%) in this group died within 60 mins after WLST. In 48 of the 78 patients (61%), the breathing test induced cardiorespiratory instability, and was discontinued between 1 to 7 mins after initiation of the test. From the effectuated donors with at least one organ transplanted, 342 kidneys, 22 lungs, and 57 livers were recovered.
WLST
The majority of patients, 171 (81%), were extubated at WLST. The other patients were disconnected from the ventilator but the endotracheal tube remained in situ. Inotropic support, administered to 58% of the patients, was discontinued in all patients at the time of WLST. Analgesic drugs were continued in 51% of the patients. Sedatives were continued or added as "comfort medication" in 43%, following the decision of the treating intensivist. The exact doses and initial time of medication administration were not documented in all patients (33% missing). The most commonly used sedative was midazolam (64%), with a mean dose of 9 mg/hour. In 65% of the patients, the exact dose of administered analgesics was documented, most commonly morphine (45%), with a mean dose of 5.8 mg/hour, followed by fentanyl (12%), with a mean dose of 192 g/hour.
Time to Death
Of the 211 potential donors, 134 (63%) died within 30 mins after WLST, 161 patients (76%) died within 60 mins, and 175 (83%) died within 2 hrs and became organ donors. The remaining 36 patients (17%) died more than 2 hrs after withdrawal of treatment and were excluded from organ donation. The time to death of the total group ranged from 1 min to 3.8 days (median 20 mins).
Risk Factors for Death
In the univariable logistic regression analyses, controlled mechanical ventilation, norepinephrine administration, absence of more brain reflexes, neurologic injury as cause of death, and absence of cardiovascular comorbidity were statistically significant risk factors for death within 60 and 120 mins ( Table 2 ). The area under the receiver operating characteristic curve (AUC) of the model for death within 60 mins was fair (0.738, 95% CI 0.656 to 0.819), with a sensitivity and specificity of 70% and 74%, respectively. For death within 120 mins, the AUC was 0.775 (95% CI 0.693 to 0.857) with a sensitivity of 84% and a specificity of 53%. The treating intensivist's clinical judgment had a sensitivity and specificity of 73% and 56%, respectively, for prediction of death within 60 mins, with a poor AUC 0.646 (CI 0.556 to 0.737). Prediction of death within 120 mins by the intensivist had a sensitivity and specificity of 89% and 25% (AUC 0.571, CI 0.456 to 0.686), respectively.
DISCUSSION
Transplantation of kidneys from donors after cardiac death has become an increasingly important source of deceased donor organs for transplantation and has proven to be successful (9 -11). More recently, transplantation of DCD liver, pancreas, and lung has further extended the number of donor organs (12, 13) . The period between WLST and death is often associated with hypotension and poor organ perfusion, resulting in warm ischemic injury to the organs. Therefore, it has become important to predict the interval between WLST and death. A DCD program inevitably includes a certain number of potential donors who do not die within the established period. It is desirable to minimize this number, since the necessary logistic preparations for controlled DCD and the surgical retrieval team and operating theater are on standby after treatment has been withdrawn. For the family, it is important to avoid false expectations of organ donation.
The present national study is the largest prospective study cohort of potential DCD donors until now. This study iden- tified controlled mechanical ventilation as the most important variable associated with death within 60 mins after WLST. Next to controlled mechanical ventilation, use of norepinephrine and absence of cardiovascular comorbidity were variables that increased the odds for dying within 120 mins after WLST. However, in this group of patients, the variable cardiovascular comorbidity is closely associated with postanoxic encephalopathy patients, therefore the finding that cardiovascular comorbidity may delay the moment of death has to be interpreted with care.
There was a large variation in the interval between WLST and death, from 1 min to 3.8 days, and most patients (76%) died within the first hour after WLST. The predictive quality of the models for death within 60 mins (AUC 0.738) and death within 120 mins (AUC 0.776) were higher than the predictive quality of the intensivist (AUC 0.646 and 0.571), but still too low to be useful in clinical practice.
The treating intensivist performed a "breathing" test in only a small number of patients because of expected respiratory or hemodynamic instability. This test was not conclusive; some patients showed no spontaneous breathing during the test, but started breathing within a few minutes after WLST.
The way life support is discontinued varies per country and sometimes even within ICUs (14) . The use of sedatives and analgesics is a topic of ongoing discussion, but is considered part of good endof-life care by many intensivists in doses to avoid discomfort or pain. End-of-life care is strictly separated from the donation procedure, since, according to the dead-donor rule, organ donation should not cause or hasten death (15) . Although the proportion of the exact doses of the used sedation and analgesic drugs was not available for analysis, their use was not significantly associated with early death, which supports the opinion that their use does not interfere with the dead-donor rule per se (7, 16 -18) . Also, in this study, extubation did not interfere with the moment of death (7) . Therefore, it is very likely that the independent choice of the intensivist for a preferred WLST and associated end-of-life care for the dying patient is not compromised by the planned donation procedure, nor do these preferences accelerate the dying process.
There are a few studies on the prediction of death after WLST in potential DCD donors. In a small sample of 15 selected, successful DCD donors, the mean time to death after WLST was 22 mins (6) . In a cohort of mixed intensive care patients, the use of inotropes and high oxygen fraction were associated with a shorter time to death (7, 19) . A recent study identified young age, high inspiratory fraction of oxygen, and mode of ventilation as the most important variables associated with early death in potential DCD donors (20) . In all studies, the majority of donors died within the first hour after WLST. The percentage in this nationwide study were comparable to the results from the United Kingdom (20, 21) . We performed a prospective analysis of risk factors and studied important treatment characteristics, such as extubation, analgesic and/or sedative use, as well as the intensivist's prediction of the time of death, which had not been the subject of previous studies.
CONCLUSION
This study shows that there are variables, including ventilation mode and use of norepinephrine, that increase the odds of dying within 60 or 120 mins in potential DCD donors. However, in clinical practice, death cannot be predicted within 60 or 120 mins with acceptable certainty. Although the opinion of the intensivist was valuable, the sensitivity and specificity was too low to be useful in clinical practice. The persisting shortage of organs for transplantation forces us to maximize our efforts to retrieve every potentially viable organ. Therefore, a donation procedure should be initiated in every potential donor.
